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resistant HIV-1 subtype B' (thai B) isolated 
from patients failing antiretroviral therapy in China 
Ma, Liying; Sun, Jianping; Xing, Hui; Si, Xuefeng; 
Yuan, Lin; Guo, Yanfang; Cheng, Hua; Shao, Yiming 
State Key Laboratory for Infection Diseases Prevention 
and Control, National Center for AIDS/STD Control and 
Prevention, Chinese Center for Disease Control and 
Prevention (China CDC), Beijing, 100050, Peop. Rep. 
China 

JAIDS, Journal of Acquired Immune Deficiency Syndromes 

(2006), Volume Date 2007, 44(1), 14-19 

CODEN: JJASFJ; ISSN: 1525-4135 

Lippincott Williams & Wilkins 

Journal 

English 

in China who received free-of -charge antiretroviral 



therapeutics, including nucleoside reverse transcriptase inhibitors 
(NRTIs) and nonnucleoside reverse transcriptase inhibitors (NNRTIs 
), showed significant life improvement. Increasing nos. of patients, 
however, are experiencing antiretroviral therapy failure due to the 
emergence of drug-resistant viruses. The aim of this study was 
to investigate the genotypic and phenotypic drug resistance patterns of 
HIV-1 subtype B' variants, which are prevalent in China, in order to 
rationally design more efficient anti-HIV-1 regimens for future treatment 
of AIDS patients. 13 out of 16 patients (81%) who were treated with two 
NRTIs (ddl, and d4T or AZT) and one NNRTI (NVP) exhibited high 
resistance to NVP, 8 of them with a >1000 IC50 fold increase. Five 
codons (101, 103, 108, 181, and 190) were involved in the NVP- 
resistant mutations, and K103N and Y181C mutations were 
predominant in these isolates. Fifteen isolates were resistant 
to at least one of the NRTIs, with high resistance to AZT (>10 IC50 fold 
increase) and intermediate resistance to d4T or ddl (.apprx.4 IC50 fold 
increase) . More than 10 codons were involved in the NRTI- 
resistant mutation and located in two regions (M41-V75 and 

T215-K219) of the reverse transcriptase. Concordance between the genotype 
and phenotype patterns for both NRTIs and NNRTI were detected in 
a majority of the isolates, suggesting that phenotypic resistance is 
predictable from genotyping assays, which are faster and less expensive 
than phenotypic assay. Because NVP and AZT can induce high resistances in 
these patients, these two drugs should be replaced with others more 
effective NNRTIs and NRTIs. 

Genotype and phenotype patterns of drug-resistant HIV-1 subtype 

B' (thai B) isolated from patients failing antiretroviral therapy in China 
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Decay of K103N mutants in cellular DNA and plasma RNA 
after single-dose nevirapine to reduce mother-to-child 
HIV transmission 

Loubser, Shayne; Balfe, Peter; Sherman, Gayle; Hammer, 
Scott; Kuhn, Louise; Morris, Lynn 

AIDS Virus Research Unit, National Institute for 

Communicable Diseases, Johannesburg, S. Afr. 

AIDS (Hagerstown, MD, United States) (2006), 20(7), 

995-1002 

CODEN: AIDSET; ISSN: 0269-9370 
Lippincott Williams & Wilkins 
Journal 
English 



AB Objectives: Single-dose nevirapine (sd-NVP) for prevention of 

mother-to-child HIV-1 transmission is associated with selection of 
resistant viral variants, particularly the Lysine (K) to 
Asparagine (N) mutation at codon 103 (K103N) of reverse 

transcriptase. As this may influence subsequent treatment responses, a 
better understanding of the dynamics of decay and persistence of this 
variant is needed. Design and methods: We measured the frequency of K103N 
mutants among a cohort of HIV-l-inf ected pregnant women recruited at an 
out-patient clinic in Johannesburg, South Africa. Samples taken 6 wk, 3, 
7 and 12 mo after delivery from 67 HIV-l-inf ected women who received 
sd-NVP during labor to prevent transmission were analyzed. Quantification 
of K103N mutants in maternal plasma viral RNA and cellular DNA was done 
using an allele-specif ic real-time polymerase chain reaction assay capable 
of detecting codons AAC and AAT if their frequency was > 0.002 
of the total viral population. Results: Using the allele-specif ic assay, 
87.1% (27/31) of RNA samples and 52.3% (23/44) of DNA samples collected 6 
wk after sd-NVP had detectable K103N variants. This declined to 65.4% 
(17/26), 38.9% (14/36), and 11.3% (6/53) in RNA at 3, 7 and 12 mo resp., 
and to 4.2% (2/48) in DNA at 12 mo. Conclusions: K103N resistant 
variants were present in almost all women at 6 wk post-sd-NVP but declined 
rapidly over time. Resistant variants were detected less 

frequently in cellular DNA with persistence in this compartment by 12 mo 

post-sd-NVP among only a minority. 
TI Decay of K103N mutants in cellular DNA and plasma RNA after single-dose 

nevirapine to reduce mother-to-child HIV transmission 
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AB Understanding the selection and decay of drug-resistant HIV-1 

variants is important for designing optimal antiretroviral therapy. The 
objective was to develop a high-throughput, real-time reverse 
transcriptase (RT) polymerase chain reaction (PCR) assay to quantify 
non-nucleoside reverse transcriptase inhibitor (NNRTI ) - 
resistant variants K103N (AAT or AAC alleles) at frequencies as 
low as 0.1%, and to apply this to monitor these variants before, during, 
and after NNRTI therapy. HIV-1 RNA in longitudinal plasma 
samples obtained from patients starting and stopping NNRTI 

therapy was converted to cDNA and the target sequence region amplified and 
quantified by real-time PCR. Approx. 10 copies/reaction provided a 
template for a second round of PCR using primers that discriminated 
between the mutant and wild-type alleles. Amplification specificity was 
confirmed by thermal denaturation anal. Frequencies of 103N similar to 
assay background (0.029%) were observed in longitudinal samples from 9 of 12 



treatment-naive patients; three patients had transient increases in 103N 

frequency to a range of 0.21-0.48%, which was 7-16.5 times assay 

background. Anal, of longitudinal plasma samples from six NNRTI 

-experienced patients showed three patterns: persistence of 103N variants 

after stopping NNRTI therapy, codon switching of 103N 

between AAC and AAT during NNRTI therapy, and decay of 103N 

variants to below assay background after cessation of NNRTI 

therapy. Allele-specif ic RT-PCR quantified the emergence and decay of 

drug-resistant variants in patients over a broad range of 

frequencies (0.1-100%). The rate of decay of K103N variants after 

stopping NNRTI therapy was highly variable. 

TI Selection and persistence of non-nucleoside reverse transcriptase 
inhibitor-resistant HIV-1 in patients starting and stopping 
non-nucleoside therapy 
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AB To understand the prevalence and evolution of drug resistant HIV 

strains in Henan China after the implementation of free antiretroviral 
therapy for AIDS patients. 45 Drug naive AIDS patients, 118 AIDS patients 
who received three months antiretroviral therapy and 124 AIDS patients who 
received six months antiretroviral treatment were recruited in the 
southern part of Henan province. Information on general condition, 
antiretroviral medicines, adherence and clin. syndromes were collected by 
face to face interview. Meanwhile, 14mL EDTA anticoagulant blood was 
drawn. CD4/CD8 T cell count, viral load and genotypic drug resistance 
were tested. The rates of clin. improvement were 55.1% and 50.8% resp. 
three months and six months after antiretroviral therapy. The mean CD4 
cell count after antiretroviral therapy was significantly higher than in 
drug naive patients. The prevalence rate of drug resistant HIV 
strains were 13.9%, 45.4% and 62.7% in drug naive patients, three month 
treatment patients and six month treatment patients, resp. The number of 
resistance mutation codons and the frequency of mutations 
increased significantly with continued antiretroviral therapy. The 
mutation sites were primarily at the 103, 106 and 215 codons in 
the three-month treatment group and they increased to 15 codon 
mutations in the six-month treatment group. From this result, the 
evolution of drug resistant strains was inferred to begin with 
the high level NNRTI resistant strain, and then 

develop low level resistant strains to NRTIs. The HIV strains 

with high level resistance to NVP and low level resistance to AZT and DDI 

were highly prevalent because of the AZT+DDI+NVP combination therapy. 

These HIV strains were also cross resistant to DLV, EFV, DDC and 

D4T. Poor adherence to therapy was believed to be the main reason for the 

emergence and prevalence of drug resistant HIV strains. The 

prevalence of drug resistant HIV strains was increased with the 



continuation of antiretroviral therapy in the southern part of Henan 
province. Measures, that could promote high level adherence, provide new 
drugs and change ART regimens in failing patients, should be implemented 
as soon as possible. 

TI Prevalence and evolution of drug resistance HIV-1 variants in Henan, China 
REFERENCE COUNT: 18 THERE ARE 18 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L5 ANSWER 5 OF 3 4 CAPLUS COPYRIGHT 2008 ACS on STN 
ACCESSION NUMBER: 2006:19603 CAPLUS 

DOCUMENT NUMBER: 144:205226 

TITLE: Mutations other than 103N in human immunodeficiency 

virus type 1 reverse transcriptase (RT) emerge from 
K103R polymorphism under non-nucleoside RT inhibitor 
pressure 
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AIDS Clinical Center, International Medical Center of 
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Journal 
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in human immunodeficiency virus type 
(RT) confers high-level resistance aga 
nhibitors (NNRTIs) and it easily occurs partly because it 
arises by a single nucleotide substitution from wild-type K103 
polymorphisms at codon 103 of HIV-1 RT. We found K103R 

polymorphic mutation in 3.3% of treatment-naive HIV-l-inf ected patients. 
R103N does not seem to occur as easily as K103N because R103N requires two 
nucleotide substitutions. To induce NNRTI resistance-associated 
mutations, HIV-1K103R was propagated in the presence of increasing concns. 
of efavirenz (EFV) or nevirapine (NVP) . V179D emerged in all three EFV 
cultures and in two of four NVP cultures. R103G emerged by a single 
nucleotide substitution in one of three EFV cultures. R103N did not 
emerge in any of 7 NNRTI cultures. Anal, of recombinant HIV-ls 
showed that HIV-1K103R/V179D was significantly resistant and 
HIV-1K103G was moderately resistant against EFV and NVP. 
TI Mutations other than 103N in human immunodeficiency virus type 1 reverse 
transcriptase (RT) emerge from K103R polymorphism under non-nucleoside RT 
inhibitor pressure 
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HIV-1 drug resistance in Thailand: Before and after 
National Access to Antiretroviral Program 
Sutthent, Ruengpung; Arworn, Daungnapa; Kaoriangudom, 
Surapol; Chokphaibulkit, Kulkanya; Chaisilwatana, 
Pongsakdi; Wirachsilp, Piyanot; Thiamchai, Vipa; 
Sirapraphasiri, Thaweesarp; Tanprasertsuk, Sombat 
National HIV Repository and Bioinf ormatic Center 
(Thailand) , Department of Microbiology, Faculty of 
Medicine Siriraj Hospital, Mahidol University, 
Bangkok, 10700, Thailand 

Journal of Clinical Virology (2005), 34(4), 272-276 
CODEN: JCVIFB; ISSN: 1386-6532 
Elsevier B.V. 



DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Background: The Ministry of Public Health (Thailand), MoPH, has had a 

program called National Access to Antiretroviral Program for People who 
have AIDS (PHA) or "NAPHA", to offer free antiretroviral drugs (ARV) , 
which are locally produced in Thailand, to any HIV-1 infected patients 
with CD4 < 200 since 2002. This program may increase usage of ARV therapy 
and the emergence of HIV-1 drug resistance. Objectives: To monitor HIV-1 
ARV drug resistant codon mutation in Thailand before 

and after the "NAPHA" program. Materials and methods: EDTA blood samples 
were collected from 542 HIV-1 infected subjects, who received ARV therapy 
in 1999 and 2001-2003, and perinatal chemoprophylaxis in 1998 and 2000. 
HIV-1 pol nucleotide sequences were analyzed. Results: The percentage of 
drug resistant detection from the ARV therapy group in 1999 and 
2001-2003 were 12.14 (34/280), 10.23 (9/88), 86.96 (20/23) and 57.55 
(61/106), resp. Of 332 NRTI drug resistant codon 

mutation, 226 (68.07%) were thymidine analog mutations (TAMs). The 
percentage of TAMs detection in 1999 and 2001-2003 were 7.14 (20/280), 
9.09 (8/88), 56.52 (13/23) and 43.34 (46/106), resp. Of 105 NNRTI 
drug resistant codon mutation, 95 (90.48%) were 

related to nevirapine drug resistance. Conclusion: Thailand may need more 
appropriate monitoring of drug resistance in the free ARV therapy program 
to protect the future usage of drugs by minimizing the emergence of drug 
resistance . 

TI HIV-1 drug resistance in Thailand: Before and after National Access to 

Antiretroviral Program 
REFERENCE COUNT: 9 THERE ARE 9 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L5 ANSWER 7 OF 3 4 CAPLUS COPYRIGHT 2008 ACS on STN 
ACCESSION NUMBER: 2005:991730 CAPLUS 

DOCUMENT NUMBER: 143:341640 

TITLE: The role of Thrl39 in the human immunodeficiency virus 

type 1 reverse transcriptase sensitivity to 
(+)-calanolide A 

AUTHOR(S) : Auwerx, Joeri; Rodriguez-Barrios, Fatima; 

Ceccherini-Silberstein, Francesca; San-Felix, Ana; 
Velazquez, Sonsoles; De Clercq, Erik; Camarasa, 
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Molecular Pharmacology (2005), 68(3), 652-659 
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American Society for Pharmacology and Experimental 
Therapeutics 
Journal 
English 

The coumarins represent a unique class of non-nucleoside reverse 
transcriptase inhibitors (NNRTIs) that were isolated from 

tropical plants. (+) -Calanolide A, the most potent compound of this class, 
selects for the T139I resistance mutation in HIV-1 reverse transcriptase 
(RT) . Seven RTs mutated at amino acid position 139 (Ala, Lys, Tyr, Asp, 
lie, Ser, and Gin) were constructed by site-directed mutagenesis. The 
mutant T139Q enzyme retained full catalytic activity compared with 
wild-type RT, whereas the mutant T139I, T139S, and T139A RTs retained only 
85 to 50% of the activity. Mutant T139K, T139D, and T139Y RTs had 
seriously impaired catalytic activities. The mutations in the T139I and 
T139D RTs were shown to destabilize the RT heterodimer. (+) -Calanolide A 
lost inhibitory activity (up to 20-fold) against the mutant T139Y, T139Q, 
T139K, and T139I enzymes. All of the mutant enzymes retained marked 
susceptibility toward the other NNRTIs, including nevirapine, 



CORPORATE SOURCE: 



DOCUMENT TYPE: 
LANGUAGE : 



delavirdine, efavirenz, thiocarboxanilide UC-781, quinoxaline GW867420X, 
TSAO [ [2 ' , 5 ' -bis-O- (tert-butyldimethylsilyl) -p-D-ribof uranosyl ] -3 ' - 
spiro-5 ' ' - ( 4 ' ' -amino-1 ' ' , 2 ' ' -oxathiole-2 ' ' , 2 ' ' -dioxide ) ] derivs., and the 
nucleoside inhibitor, ddGTP . The fact that the T139I RT 1) proved to be 
resistant to (+) -calanolide A, 2) represents a catalytically 
efficient enzyme, and 3) requires only a single transition point mutation 
( AC A->AT A ) in codon 139 seems to explain why mutant T139I 

RT virus strains, but not virus strains containing other amino acid changes at 
this position, predominantly emerge in cell cultures under (+) -calanolide 
A pressure. 

TI The role of Thrl39 in the human immunodeficiency virus type 1 reverse 

transcriptase sensitivity to ( + ) -calanol ide A 
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AUTHOR(S) : Joly, Veronique; Descamps, Diane; Peytavin, Gilles; 

Touati, Fatiha; Mentre, France; Duval, Xavier; 

Delarue, Severine; Yeni, Patrick; Brun-vezinet , 
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CORPORATE SOURCE: Service des Maladies Infectieuses et Tropicales A, 
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SOURCE: Antimicrobial Agents and Chemotherapy (2004), 48(1), 

172-175 
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PUBLISHER: American Society for Microbiology 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Authors studied the evolution of nonnucleoside reverse transcriptase 
inhibitor (NNRTI) resistance mutations among 29 human 

immunodeficiency virus type 1 (HIV-1 ) -infected patients who experienced 
virol. failure when receiving an NNRTI-containing regimen 
(nevirapine, delavirdine, or efavirenz) and subsequently switched to 
antiretroviral therapy without NNRTIs. Genotypic resistance was 
determined from plasma samples collected at the time of NNRTI 
withdrawal (baseline) and during follow-up. At baseline, 83% of patients 
had more than two thymidine analog resistance mutations (TAMs), and all 
had NNRTI resistance mutations. Mutations at codons 

103, 181, and 190 were found in 62, 62, and 34% of the patients, resp. 
Follow-up samples were available after a median time of 6 mo in all 
patients and at 12 mo in 22 patients. The mean number of resistance 
mutations to NNRTIs was significantly lower at months 6 
(1.3411.04) and 12 (1.18±1.05) than at month 0 (2.03±1.02) (P < 
0.009). The percentages of patients with at least one NNRTI 
resistance mutation were 100, 76, and 73% at baseline, month 6, and month 
12, resp. (P < 0.0044). Overall, 70% of the patients had a mutation at 
codon 103 or 181 at month 12. The mean number of TAMs did not vary 
significantly during follow-up. Our data show that, in the context of 
maintained antiretroviral therapy, NNRTI resistance mutations 
persist in two-thirds of the patients in spite of NNRTI 
withdrawal. These results argue for the low impact of NNRTI 
resistance mutations on viral fitness and suggest that resistance 
mutations to different classes of drugs are associated on the same genome, at 
least in some of the resistant strains. 
TI Evolution of human immunodeficiency virus type 1 (HIV-1) resistance 



mutations in nonnucleoside reverse transcriptase inhibitors ( 
NNRTIs) in HI V-l-inf ected patients switched to antiretroviral 
therapy without NNRTIs 
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Human immunodeficiency virus type 1: Drug 
in treated and untreated Brazilian childr 



resistance 



Simonetti, S. R. 



Schatzmayr, H. G.; Simonetti, J. 



Nucleo de Retrovirus, Departamento de Virologia, 
Instituto Oswaldo Cruz-Fiocruz, Rio de Janeiro, 
21045-900, Brazil 

SOURCE: Memorias do Instituto Oswaldo Cruz (2003), 98(6), 

831-837 

CODEN: MIOCAS; ISSN: 0074-0276 
PUBLISHER: Instituto Oswaldo Cruz 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Twenty-two vertically human immunodeficiency virus type 1 (HIV-1) infected 
Brazilian children were studied for antiretroviral drug resistance. They 
were separated into 2 groups according to the administration of antiretroviral 
therapy into those who presented disease symptoms or without symptoms and 
no therapy. Viral genome seguencing reactions were loaded on an automated 
DNA sampler (TruGene, Visible Genetics) and compared to a database of wild 
type HIV-1. In the former group 8 of 12 children presented isolates with 
mutations conferring resistance to protease inhibitors (Pis), 7 presented 
isolates resistant to nucleoside reverse transcriptase 
inhibitors (NRTIs) and 2 presented isolates resistant to 
non-nucleoside reverse transcriptase inhibitors (NNRTIs) . Ten 
children were included in the antiretroviral naive group. Eight were 
susceptible to NRTIs and all of them were susceptible to Pis; one 
presented the V108I mutation, which confers low-level resistance to 
NNRTIs. The data report HIV mutant isolates both in treated and 
untreated infants. However, the frequency and the level of drug 
resistance were more frequent in the group receiving antiretroviral 
therapy, corroborating the concept of selective pressure acting on the 
emergence of resistant viral strains. The children who 

presented alterations at polymorphism sites should be monitored for the 
development of addnl. mutations occurring at relevant resistance 
codons . 

TI Human immunodeficiency virus type 1: Drug resistance in treated and 
untreated Brazilian children 
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AB We have expressed purified recombinant reverse transcriptase (RT) from 

clin. isolates of human immunodeficiency virus subtypes B, C, and A/E in 
Escherichia coli. The drug sensitivities of these RTs were then determined for 
both nucleoside RT inhibitors (NRTIs) and nonnucleoside RT inhibitors ( 
NNRTIs) in cell-free RT assays. Although A/E and C viruses 
contained numerous polymorphisms relative to subtype B (i.e., naturally 
occurring variations unrelated to drug resistance) , the wild-type enzymes 
prepared from these or subtype A/E clin. isolates displayed <2-fold 
differences in drug sensitivities with regard to the active triphosphate 
active forms of NRTIs, as compared with RT expressed from BH-10 
recombinant virus. Recombinant RTs from clin. isolates of subtypes B, C, 
and A/E that contained multiple resistance-associated mutations displayed 
expected variations in levels of resistance to the intracellular active 
forms of 3TC, ddl, ddC, and PMPA, i.e., 3TCTP, ddATP, ddCTP, and PMPApp, 
resp. Subtype A/E and C RT enzymes contained only minor NNRTI 
polymorphisms that distinguished them from wild-type subtype B enzymes and 
wild-type RTs from these various subtypes showed only 1- to 4-fold 
variability in IC50 values for each of nevirapine (NVP) , delavirdine 
(DLV) , efavirenz (EFV) , and calanolide A. In contrast, RT enzymes from 
subtype B and C viruses harboring specific NNRTI mutations were 
highly resistant to all four tested NNRTIs. Subtype C 
variants containing the novel V106M resistance codon showed 
cross-resistance to all approved NNRTIs in cell-free RT assays. 

TI Drug Resistance Profiles of Recombinant Reverse Transcriptases from Human 
Immunodeficiency Virus Type 1 Subtypes A/E, B, and C 

REFERENCE COUNT: 34 THERE ARE 34 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L5 ANSWER 11 OF 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



CORPORATE SOURCE: 



SOURCE: 

PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 

AB The widespread 



CAPLUS COPYRIGHT 2008 ACS on STN 
2002:280294 CAPLUS 
137:231140 

Mutations associated with genotypic resistance to 
antiretroviral therapy in treatment naive HIV-1 
infected patients in Greece 

Magiorkinis, E.; Paraskevis, D . ; Magiorkinis, G . ; 
Chryssou, S . ; Chini, M. ; Lazanas, M. ; Paparizos, V. ; 
Saroglou, G.; Antoniadou, A.; Giamarellou, E . ; 
Karaf oulidou, A.; Hatzakis, A. 

Athens School of Medicine, National Retrovirus 
Reference Center, Department of Hygiene and 
Epidemiology, University of Athens, Athens, GR-115 27, 
Greece 

Virus Research (2002), 85(1), 109-115 
CODEN: VIREDF; ISSN: 0168-1702 
Elsevier Science Ltd. 
Journal 
English 

ise of antiviral drugs against HIV has increased the 
prevalence of HIV-1 resistant strains among naive individuals 
due to transmission of resistant strains. The purpose of this 
study was to investigate the presence of HIV-1 strains harboring 
resistance mutations in naive patients in Greece. Blood samples were 
collected from 25 individuals. The DNA sequence of protease and partial 
reverse transcriptase regions (codons 41-223) were obtained by 
direct sequencing. Our results showed the absence of any primary 
resistance mutations in the studied population. However, we were able to 
identify high prevalence of sequence polymorphisms at positions in reverse 
transcriptase region associated mainly with resistance to NNRTIs. 
Moreover, in protease region several secondary mutations were detected, 



suggesting the higher genetic variability of this region. The clin. 

significance of the polymorphisms associated with reduced susceptibility to 

NNRTIs remains to be clarified. 
TI Mutations associated with genotypic resistance to antiretroviral therapy 

in treatment naive HIV-1 infected patients in Greece 
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AB Amdoxovir ( [-] -p-D-2, 6-diaminopurine dioxolane [ DAPD] ) is a 

nucleoside reverse transcriptase inhibitor (NRTI) with activity against 
HIV-1. DAPD is deaminated in vivo by adenosine deaminase to 
(-) -p-D-dioxolane guanosine (DXG) , a highly active anti-HIV compound 
The median 50% effective concns. (EC50) ± SD (representing antiviral 
activity against a laboratory-derived HIV-1 isolate) for DAPD and DXG in 
peripheral blood mononuclear cells were 4.0±2.2 (imol/L and 
0.25±0.17 (imol/L, resp. The 50% cytotoxic dose (CC50) of both DAPD 
and DXG was >500 (xmol/L. Recombinant viruses and clin. isolates of 
HIV-1 from patients for whom NRTI therapy and/or nonnucleoside reverse 
transcriptase inhibitor (NNRTI) combination therapies failed 
remained susceptible to inhibition by DXG (less than fourfold change in 
EC50). Similar anal, showed that recombinant viruses harboring mutations 
known to confer resistance to NRTIs (zidovudine, lamivudine, and abacavir) 
and NNRTIs (efavirenz and nevirapine) as well as the multidrug 
resistance-associated mutation Q151M and double codon insertions 
(SS and SG) were also susceptible to inhibition by DXG. Resistance to DXG 
was observed only in recombinant isolates containing the 65R and 151M double 
mutations. Phenotypic anal, of a site-directed mutant containing only the 
151M mutation demonstrated moderate resistance to DXG (<10-fold change in 
EC50). We also examined site-directed mutants containing only L74V or K65R, 

the 

characteristic resistance mutations for DXG. The L74V mutant remained 
susceptible to inhibition by DXG, and the K65R mutant demonstrated 
moderate resistance to DXG. 

TI Dioxolane guanosine, the active form of the prodrug diaminopurine 
dioxolane, is a potent inhibitor of drug-resistant HIV-1 
isolates from patients for whom standard nucleoside therapy fails 
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AB Resistance-mutation patterns in the reverse transcriptase (RT) and 
protease genes of HIV-1 were analyzed in 22 patients who had been 
extensively pretreated and who failed to respond to highly active 
antiretroviral therapy (HAART) . The number of mutations ranged from 8 to 19 
(median, 13) : 4 to 12 (median, 6) mutations in the RT gene, and 4 to 8 
(median, 7) mutations in the protease gene. In the RT gene, the most 
frequent resistance mutations were found at codons 215 (100%), 
41 (95%), 67 (91%), and 210 (77%). Multidrug-resistant mutation 
patterns including Q151M and insertion mutations at codon 69, 
which confer cross-resistance to the different nucleoside analog RT 
inhibitors were detected in 1 and 3 patients, resp.; 1 patient with 
insertion mutation displayed a NGQCV sequence at codons 67 to 
70. In the protease gene, the most frequent mutations were found at 
codons 63 (95%), 10 (86%), 90(86%), 71(77%), 46 (50%), 36 (45%), 
and 84 (45%) . Genotypic resistance to zidovudine, saquinavir, and 
indinavir was found in 100% of the patients. All patients showed also 
resistance or possible resistance to stavudine, abacavir, ritonavir, and 
nelfinavir. Mutations conferring genotypic resistance to nonnucleoside 
analog RT inhibitors (NNRTIs) were found in 12 (80%) of the 
NNRTI-experienced patients and 1 of 7 NNRTI-naive 

patients. Our results indicate that failure of HAART in the patients 
extensively pretreated results from the multiplicity of RT and protease 
mutations that confer genotypic resistance to almost all available 
antiretroviral drugs. In these patients, genotypic resistance tests 
confirm the lack of alternative salvage therapy strategies based on the 
currently available antiretroviral drugs. 

TI Patterns of resistance mutations to antiretroviral drugs in extensively 
treated HIV-l-inf ected patients with failure of highly active 
antiretroviral therapy 
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AB A review with 64 refs. The non-nucleoside reverse transcriptase inhibitors 
(NNRTIs) directly inhibit the HIV-1 reverse transcriptase (RT) 
by binding to the enzyme in a reversible and noncompetitive i 
currently available NNRTIs are nevirapine, delavirdine, and 
efavirenz; other compds . are under evaluation. NNRTIs are 
extensively metabolized in the liver through cytochrome P ■ 



pharmacokinetic interactions with compds . utilizing the same metabolic 
pathway, particularly protease inhibitors, whose plasma levels are altered 
in the presence of NNRTIs. NNRTIs are drugs with a 

low genetic barrier, i.e., a single mutation in the RT genome induces a 
high level of phenotypic resistance, preventing the use of NNRTIs 
as monotherapy. In naive patients, several trials have shown the value of 
NNRTIs in combination with nucleosides and/or protease inhibitors. 
Small pilot studies have shown that NNRTIs may be useful as 
2nd-line therapy. However, due to the rapid emergence of virus 
resistant to these compds. in case of incomplete viral 
suppression, NNRTIs should not be added to current failing 
antiretroviral regimens. The most common side effect reported with 
nevirapine and delavirdine is rash. The incidence of rash is rather 
similar with these two compds., but severe rash is less frequent with 
delavirdine. The most common adverse reactions reported with efavirenz 
are central nervous system complaints such as dizziness. Rash is reported 
less frequently than with nevirapine or delavirdine, and is usually mild. 
Resistance mutations to NNRTIs are located in the amino acid 
residues at the "pocket" of the NNRTI-binding site. High-level 
resistance is often associated with a single point mutation which develops 
within this site (especially codon groups 100-108 and 181-190) . 
Patients no longer responding to one NNRTI are very likely to 
possess multiple NNRTI resistance mutations. NNRTIs 

should always be used as part of a potent antiretroviral therapy to insure 
suppression of viral replication, thus circumventing the rapid selection 
of cross-resistant variants. 
TI Non-nucleoside reverse transcriptase inhibitors 
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The prevalence and the genotypic and phenotypic characteristics of 
multinucleoside-resistant (MNR) human immunodeficiency virus 
type 1 (HIV-1) variants in Europe were investigated in a multicenter study 
that involved centers in nine European countries. Study samples (n = 363) 
collected between 1991 and 1997 from patients exposed to two or more 
nucleoside analog reverse transcriptase inhibitors (NRTIs) and 274 control 



samples from patients exposed to no or one NRTI were screened for two 

marker mutations of multinucleoside resistance (the Q151M mutation and a 

mutation with a 2-amino-acid insertion at codon 69, T69S-XX) . 

Q151M was identified in six of the study samples (1.6%), and T69S-XX was 

identified in two of the study samples (0.5%; both of them T69S-SS), but 

both patterns were absent among control samples. Non-NRTI (NNRTI 

) -related changes were observed in viral strains from two patients, which 

displayed the Q151M resistance pattern, although the patients were 

NNRTI naive. The patients whose isolates displayed 

multinucleoside resistance had received treatment with zidovudine and 
either didanosine, zalcitabine, or stavudine. Both resistance patterns 
conferred broad cross-resistance to NRTIs in vitro and a poor response to 
treatment in vivo. MNR HIV-1 is found only among multinucleoside- 
experienced patients. Its prevalence is low in Europe, but it should be 
closely monitored since it seriously limits treatment options. 

TI Prevalence and characteristics of multinucleoside-resistant 

human immunodeficiency virus type 1 among European patients receiving 
combinations of nucleoside analogues 
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AB Prolonged treatment with antiretroviral drugs results in the selection of 
HIV-1 variants with mutations conferring resistance to nucleoside and 
non-nucleoside reverse transcriptase inhibitors (NRTI and NNRTI) 
or to protease inhibitors (PI). There is serious concern about 
transmission of resistant viruses to newly infected persons. 
This study monitored the prevalence of resistant viruses in 
individuals undergoing primary HIV infection. Resistance testing was 
performed on 81 individuals infected between 1997 and 1999 by injecting 
drug use (n = 21), sexual (n = 56), or unknown (n = 4) transmission. 
Automated sequencing was used to genotype the reverse transcriptase (RT) 
and protease regions of virus isolated from patients' plasma. The 
phenotypic susceptibility of stimulated peripheral blood mononuclear cells 
to antiretroviral drugs was assayed. Line probe assays detected 
quasispecies variations in wild-type and mutated RT codons. A 
high prevalence of PI and RT genotypic variants, associated with high-level 
resistance to antiretroviral drugs, was observed in individuals newly 
infected by injecting drug use (PI = 24%, RT = 24%) or sexual transmission 
(PI = 12%, RT = 22%) . The PI mutations, L101, V82A, and L90M, were found 
in 10.5, 3 and 4% of cases, resp.; whereas for RT, primary mutations at 
positions T215Y (zidovudine), M184V ( lamivudine ) , T69D/A (zalcitabine), 
and K103N (multi-NNRTI ) were present in 8, 5, 4, and 4% of 
subjects, resp. Resistance to NRTI was demonstrated by phenotypic, 
genotypic, and line probe analyses. Transmission of multidrug (NRTI/ 



NNRTI/PI) resistance in eight subjects (9.9%) was confirmed by 

showing that source partners possessed viruses of similar genotype. The 

transmission of drug-resistant HIV is a serious problem that 

merits further attention by public health officials as well as virologists 

and clinicians. 

TI Prevalence of HIV-1 resistant to antiretroviral drugs in 81 

individuals newly infected by sexual contact or injecting drug use 
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AB Mutations at amino acid residues 161 (Q161L) and 208 (H208Y) of the 

reverse transcriptase (RT) have been identified in HIV-1 variants which 
are resistant to phosphonof ormate (PFA) . In the present study, 
we report on the biochem. properties of recombinant RTs (rRTs) carrying 
either one or both of the above mutations. We also report on their 
susceptibility to PFA and to nucleoside (NRTI) and non-nucleoside ( 
NNRTI) RT inhibitors. Like the wild-type (wt) enzyme, mutant rRTs 
H208Y and Q161L/H208Y showed a preference for Mg2+ over Mn2+, whereas the 
Q161L rRT preferred Mn2+. The three mutant rRTs showed degrees of PFA 
resistance which differed according to the template-primer used, and 
steady-state kinetic studies revealed an inverse correlation between their 
degree of PFA resistance, affinity for deoxynucleoside triphosphates 
(dNTPs) and catalytic efficiency (kcat/Km ratio) . These results indicated 
that HIV-1 rRTs bearing mutations at codons 161 and/or 208 had 
altered dNTP binding sites which led to a PFA-resistant 

phenotype. However, unlike the corresponding mutant viruses, which are 
hypersensitive to 3 ' -azido-3 ' -deoxythymidine (AZT), 1 l-cyclopropyl-5 , -1 1- 
dihydro-4-methyl-6H-dipyridol [3, 2-b: 2 ' , 3 ' , -e] diazepin-6-one (Nevirapine) 
and (+) - (5S) -4, 5, 6, 7-tetrahydro-5-methyl-6- ( 3-methyl-2-butenyl ) - 
imidazo [4, 5, 1-jk] [1, 4] benzodiazepin-2 (1H) -thione, (TIBO R82150), the 
mutant RTs Q161L and Q161L/H208Y were resistant to 

3 ' -azido-3 ' -deoxythymidine triphosphate (AZTTP) and as susceptible as the 
wt enzyme to Nevirapine and TIBO R82150. Overall, these results suggest 
that codons 161 and 208 of the HIV-1 RT gene are involved in 
substrate binding as well as in NRTI recognition, and provide more 
insights into the mechanism by which HIV-1 becomes resistant to 
PFA. 

TI Biochemical characterization of HIV-1 reverse transcriptases encoding 
mutations at amino acid residues 161 and 208 involved in resistance to 
phosphonof ormate 
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AB The quinoxaline nonnucleoside RT inhibitor (NNRTI) 

( S ) -4-isopropoxycarbonyl-6-methoxy-3- (methylthiomethyl ) -3 , 4- 
dihydroquinoxaline-2 ( 1H) -thione (HBT 097) was used to select for drug- 
resistant HIV-1 variants in vitro. The viruses first developed 
mutations affecting the NNRTI-binding pocket, and five of six 
strains displayed the RT G190->E substitution, which is 

characteristic for HIV-1 resistance against quinoxalines . In one variant, 
a new mutant (G190->Q) most likely evolved from preexisting 
G190->E mutants. The neg. charge introduced by the G190->E 
substitution was maintained at the site of the pocket by simultaneous 
selection for V179->D together with G190^Q. After continued 
exposure to the drug, mutations at positions so far known to be specific 
for resistance against nucleoside RT inhibitors (NRTIs) (L74->V/I 
and V75-»L/I) were consistently detected in all cultures. The 
inhibitory activities of the cellular conversion product of 
2 ' , 3 ' -dideoxyinosine (ddl, didanosine) , 2 ' , 3 ' -dideoxyadenosine (ddA) and 
of 2 ' , 3 ' -didehydro-3 ' -deoxythymidine (d4T, stavudine) against these 
late-passage viruses were shown to be enhanced with the L74->V/I RT 
mutant virus as compared with the wild-type (wt HIV-1MN isolate) . Clonal 
anal, proved linkage of the codon 74 and codon 75 
mutations to the NNRTI -specific mutations in all RT gene 
fragments. The nonnucleoside- and nucleoside-resistance mutation sites 
are separated by approx. 35 A. We propose that the two sites 
"communicate" through the template-primer which is situated in the 
DNA-binding cleft between these two sites. Quinoxalines cause high 
selective pressure on HIV-1 replication in vitro; however, the implication 
of these findings for the treatment of HIV-1 infection has yet to be determined 
TI Selective pressure of a quinoxaline nonnucleoside inhibitor of human 

immunodeficiency virus type 1 (HIV-1) reverse transcriptase (RT) on HIV-1 
replication results in the emergence of nucleoside RT-inhibitor-specif ic 
(RT Leu-74 -> Val or He and Val-75 -> Leu or He) HIV-1 
mutants 
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AB Many AIDS patients in China who received f ree-of-charge antiretroviral 
therapeutics, including nucleoside reverse transcriptase inhibitors 
(NRTIs) and nonnucleoside reverse transcriptase inhibitors (NNRTIs 
), showed significant life improvement. Increasing numbers of patients, 
however, are experiencing antiretroviral therapy failure due to the 
emergence of drug-resistant viruses. The aim of this study was 
to investigate the genotypic and phenotypic drug resistance patterns of 
HIV-1 subtype B' variants, which are prevalent in China, in order to 
rationally design more efficient anti-HIV-1 regimens for future treatment 
of AIDS patients. 13 out of 16 patients (81%) who were treated with two 
NRTIs (ddl, and d4T or AZT) and one NNRTI (NVP) exhibited high 
resistance to NVP, 8 of them with a > 1,000 IC50 fold increase. Five 
codons (10 1, 103, 108, 181, and 190) were involved in the NVP- 
resistant mutations, and K103N and Y181C mutations were 
predominant in these isolates. Fifteen isolates were resistant 
to at least one of the NRTIs, with high resistance to AZT (> 10 IC50 fold 
increase) and intermediate resistance to d4T or ddl (similar to 4 IC50 
fold increase) . More than 10 codons were involved in the NRTI- 
resistant mutation and located in two regions (M41-V75 and 
T215-K219) of the reverse transcriptase. Concordance between the genotype 
and phenotype patterns for both NRTIs and NNRTI were detected in 
a majority of the isolates, suggesting that phenotypic resistance is 
predictable from genotyping assays, which are faster and less expensive 
than phenotypic assay. Because NVP and AZT can induce high resistances in 
these patients, these two drugs should be replaced with others more 
effective NNRTIs and NRTIs. 

TI Genotype and phenotype patterns of drug-resistant HIV-1 subtype 

B ' (Thai B) isolated from patients failing antiretroviral therapy in 
China . 
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Background: Understanding the selection and decay of drug- 
resistant HIV-1 variants is important for designing optimal 
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DOCUMENT TYPE 
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antiretroviral therapy . Ob j ective : To develop a high-throughput, real-time 
reverse transcriptase (RT) polymerase chain reaction (PCR) assay to 
quantify non-nucleoside reverse transcriptase inhibitor (NNRTI ) - 
resistant variants K103N (AAT or AAC alleles) at frequencies as 
low as 0.1%, and to apply this to monitor these variants before, during, 
and after NNRTI therapy . Methods : HIV-1 RNA in longitudinal 
plasma samples obtained from patients starting and stopping NNRTI 
therapy was converted to cDNA and the target sequence region amplified and 
quantified by real-time PCR. Approximately 10(7) copies/reaction provided 
a template for a second round of PCR using primers that discriminated 
between the mutant and wild-type alleles. Amplification specificity was 
confirmed by thermal denaturation analysis . Results : Frequencies of 103N 
similar to assay background (0.029%) were observed in longitudinal samples 
from 9 of 12 treatment-naive patients; three patients had transient 
increases in 103N frequency to a range of 0.21-0.48%, which was 7-16.5 
times assay background. Analysis of longitudinal plasma samples from six 
NNRTI-experienced patients showed three patterns: persistence of 
103N variants after stopping NNRTI therapy, codon 
switching of 103N between AAC and AAT during NNRTI therapy, and 
decay of 103N variants to below assay background after cessation of 
NNRTI therapy .Conclusions : Allele-specif ic RT-PCR quantified the 
emergence and decay of drug-resistant variants in patients over 
a broad range of frequencies (0.1-100%). The rate of decay of K103N 
variants after stopping NNRTI therapy was highly variable. (C) 
2006 Lippincott Williams & Wilkins. 
TI Selection and persistence of non-nucleoside reverse transcriptase 
inhibitor-resistant HIV-1 in patients starting and stopping 
non-nucleoside therapy. 
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AB K103N mutation in human immunodeficiency virus type 1 (HIV-1) reverse 

transcriptase (RT) confers high-level resistance against non-nucleoside RT 
inhibitors (NNRTIs) and it easily occurs partly because it 

arises by a single nucleotide substitution from wild-type K103. There are 
polymorphisms at codon 103 of HIV-1 RT . We found K103R 

polymorphic mutation in 3.3% of treatment-naive HIV-l-inf ected patients. 
R103N does not seem to occur as easily as K103N because R103N requires two 
nucleotide substitutions. To induce NNRTI resistance-associated 
mutations, HIV-1 (K103R) was propagated in the presence of increasing 
concentrations of efavirez (EFV) or nevirapine (NVP). V1791) emerged in 
all three EFV cultures and in two of four NVP cultures. R103G emerged by 
a single nucleotide substitution in one of three EFV cultures. R103N did 
not emerge in any of 7 NNRTI cultures. Analysis of recombinant 
HIV-ls showed that HIV-1 (K103R/V179D) was significantly resistant 
and HIV-1 (K103G) was moderately resistant against EFV and NVP. 



(C) 2005 Elsevier Inc. All rights reserved. 
TI Mutations other than 103N in human immunodeficiency virus type 1 reverse 
transcriptase (RT) emerge from K103R polymorphism under non-nucleoside RT 
inhibitor pressure. 
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AB To understand the prevalence and evolution of drug resistant HIV 

strains in Henan China after the implementation of free antiretroviral 
therapy for AIDS patients. 45 drug naive AIDS patients, 118 AIDS patients 
who received three months antiretroviral therapy and 124 AIDS patients who 
received six months antiretroviral treatment were recruited in the 
southern part of Henan province. Information on general condition, 
antiretroviral medicines, adherence and clinical syndromes were collected 
by face to face interview. Meanwhile, 14ml EDTA anticoagulant blood was 
drawn. CD4/CD8 T cell count, viral load and genotypic drug resistance 
were tested. The rates of clinical improvement were 55.1% and 50.8% 
respectively three months and six months after antiretroviral therapy. 
The mean CD4 cell count after antiretroviral therapy was significantly 
higher than in drug naive patients. The prevalence rate of drug 
resistant HIV strains were 13. 9%, 45.4% and 62.7% in drug naive 
patients, three month treatment patients and six month treatment patients, 
respectively. The number of resistance mutation codons and the 
frequency of mutations increased significantly with continued 
antiretroviral therapy. The mutation sites were primarily at the 103, 106 
and 215 codons in the three-month treatment group and they 
increased to 15 codon mutations in the six-month treatment 
group. From this result, the evolution of drug resistant 
strains was inferred to begin with the high level NNRTI 
resistant strain, and then develop low level resistant 

strains to NRTIs. The HIV strains with high level resistance to NVP and 
low level resistance to AZT and DDI were highly prevalent because of the 
AZT+DDI+NVP combination therapy. These HIV strains were also cross 
resistant to DLV, EFV, DDC and D4T. Poor adherence to therapy was 
believed to be the main reason for the emergence and prevalence of drug 
resistant HIV strains. The prevalence of drug resistant 

HIV strains was increased with the continuation of antiretroviral therapy 
in the southern part of Henan province. Measures, that could promote high 
level adherence, provide new drugs and change ART regimens in failing 
patients, should be implemented as soon as possible. 
TI Prevalence and evolution of drug resistance HIV-1 variants in Henan, 
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AB The coumarins represent a unique class of non-nucleoside reverse 
transcriptase inhibitors (NNRTIs) that were isolated from 

tropical plants. (+) -Calanolide A, the most potent compound of this class, 
selects for the T139I resistance mutation in HIV-1 reverse transcriptase 
(RT) . Seven RTs mutated at amino acid position 139 (Ala, Lys, Tyr, Asp, 
lie, Ser, and Gin) were constructed by site-directed mutagenesis. The 
mutant T139Q enzyme retained full catalytic activity compared with 
wild-type RT, whereas the mutant T139I, T139S, and T139A RTs retained only 
85 to 50% of the activity. Mutant T139K, T139D, and T139Y RTs had 
seriously impaired catalytic activities. The mutations in the T139I and 
T139D RTs were shown to destabilize the RT heterodimer. (+) -Calanolide A 
lost inhibitory activity (up to 20-fold) against the mutant T139Y, T139Q, 
T139K, and T139I enzymes. All of the mutant enzymes retained marked 
susceptibility toward the other NNRTIs, including nevirapine, 
delavirdine, efavirenz, thiocarboxanilide UC-781, quinoxaline GW867420X, 
TSAO [ [2 ' , 5 ' -bis-O- (tert-butyldimethylsilyl ) -beta-D-r ibof uranosyl] -3 ' - 
spiro-5 ''-(4 ''-amino-1 '',2 ' ' -oxathiole-2 '',2 11 -dioxide )] derivatives , 
and the nucleoside inhibitor, ddGTP . The fact that the T139I RT 1) proved 
to be resistant to (+) -calanolide A, 2) represents a 

catalytically efficient enzyme, and 3) requires only a single transition 
point mutation (ACA -> ATA) in codon 139 seems to explain why 
mutant T139I RT virus strains, but not virus strains containing other 
amino acid changes at this position, predominantly emerge in cell cultures 
under (+) -calanolide A pressure. 
TI The role of Thrl39 in the human immunodeficiency virus type 1 reverse 
transcriptase sensitivity to (+) -calanolide A. 
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AB We studied the evolution of nonnucleoside reverse transcriptase inhibitor 
(NNRTI) resistance mutations among 29 human immunodeficiency 
virus type 1 (HIV-1 ) -infected patients who experienced virologic failure 
when receiving an NNRTI-containing regimen (nevirapine, 

delavirdine, or efavirenz) and subsequently switched to antiretroviral 
therapy without NNRTIs. Genotypic resistance was determined 
from plasma samples collected at the time of NNRTI withdrawal 
(baseline) and during follow-up. At baseline, 83% of patients had more 
than two thymidine analog resistance mutations (TAMs), and all had 
NNRTI resistance mutations. Mutations at codons 103, 

181, and 190 were found in 62, 62, and 34% of the patients, respectively. 
Follow-up samples were available after a median time of 6 months in all 
patients and at 12 months in 22 patients. The mean number of resistance 
mutations to NNRTIs was significantly lower at months 6 (1.34 +- 
1.04) and 12 (1.18 +- 1.05) than at month 0 (2.03 +- 1.02) (P < 0.009). 
The percentages of patients with at least one NNRTI resistance 
mutation were 100, 76, and 73% at baseline, month 6, and month 12, 
respectively (P < 0.0044). Overall, 70% of the patients had a mutation at 
codon 103 or 181 at month 12. The mean number of TAMs did not 
vary significantly during follow-up. Our data show that, in the context 
of maintained antiretroviral therapy, NNRTI resistance mutations 
persist in two-thirds of the patients in spite of NNRTI 
withdrawal. These results argue for the low impact of NNRTI 
resistance mutations on viral fitness and suggest that resistance 
mutations to different classes of drugs are associated on the same genome, 
at least in some of the resistant strains. 
TI Evolution of human immunodeficiency virus type 1 (HIV-1) resistance 
mutations in nonnucleoside reverse transcriptase inhibitors ( 
NNRTIs) in HIV-l-inf ected patients switched to antiretroviral 
therapy without NNRTIs. 
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AB We have expressed purified recombinant reverse transcriptase (RT) from 

clinical isolates of human immunodeficiency virus subtypes B, C, and A/E 
in Escherichia coli. The drug sensitivities of these RTs were then 
determined for both nucleoside RT inhibitors (NRTIs) and nonnucleoside RT 



inhibitors (NNRTIs) in cell-free RT assays. Although A/E and C 
viruses contained numerous polymorphisms relative to subtype B (i.e., 
naturally occurring variations unrelated to drug resistance) , the 
wild-type enzymes prepared from these or subtype A/E clinical isolates 
displayed <2-fold differences in drug sensitivities with regard to the 
active triphosphate active forms of NRTIs, as compared with RT expressed 
from BH-10 recombinant virus. Recombinant RTs from clinical isolates of 
subtypes B, C, and A/E that contained multiple resistance-associated 
mutations displayed expected variations in levels of resistance to the 
intracellular active forms of 3TC, ddl, ddC, and PMPA, that is, 3TCTP, 
ddATP, ddCTP, and PMPApp, respectively. Subtype A/E and C RT enzymes 
contained only minor NNRTI polymorphisms that distinguished them 
from wild-type subtype B enzymes and wild-type RTs from these various 
subtypes showed only 1- to 4-fold variability in IC50 values for each of 
nevirapine (NVP), delavirdine (DLV), efavirenz (EFV) , and calanolide A. 
In contrast, RT enzymes from subtype B and C viruses harboring specific 
NNRTI mutations were highly resistant to all four tested 
NNRTIs. Subtype C variants containing the novel V106M resistance 
codon showed cross-resistance to all approved NNRTIs in 
cell-free RT assays. 
TI Drug resistance profiles of recombinant reverse transcriptases from human 
immunodeficiency virus type 1 subtypes A/E, B, and C. 
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AB Twenty-two vertically human immunodeficiency virus type 1 (HIV-1) infected 
Brazilian children were studied for antiretroviral drug resistance. They 
were separated into 2 groups according to the administration of 
antiretroviral therapy into those who presented disease symptoms or 
without symptoms and no therapy. Viral genome sequencing reactions were 
loaded on an automated DNA sampler (TruGene, Visible Genetics) and 
compared to a database of wild type HIV-1. In the former group 8 of 12 
children presented isolates with mutations conferring resistance to 
protease inhibitors (Pis), 7 presented isolates resistant to 
nucleoside reverse transcriptase inhibitors (NRTIs) and 2 presented 
isolates resistant to non-nucleoside reverse transcriptase 
inhibitors (NNRTIs) . Ten children were included in the 

antiretroviral naive group. Eight were susceptible to NRTIs and all of 

them were susceptible to Pis; one presented the V108I mutation, which 

confers low-level resistance to NNRTIs. The data report HIV 

mutant isolates both in treated and untreated infants. However, the 

frequency and the level of drug resistance were more frequent in the group 

receiving antiretroviral therapy, corroborating the concept of selective 

pressure acting on the emergence of resistant viral strains. 

The children who presented alterations at polymorphism sites should be 



monitored for the development of additional mutations occurring at 
relevant resistance codons. 
TI Human immunodeficiency virus type 1: Drug resistance in treated and 
untreated Brazilian children. 
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The widespread use of antiviral drugs against HIV has increased the 
prevalence of HIV-1 resistant strains among naive individuals 
due to transmission of resistant strains. The purpose of this 
study was to investigate the presence of HIV-1 strains harboring 
resistance mutations in naive patients in Greece. Blood samples were 
collected from 25 individuals. The DNA sequence of protease and partial 
reverse transcriptase regions (codons 41-223) were obtained by 
direct sequencing. Our results showed the absence of any primary 
resistance mutations in the study population. However, we were able to 
identify high prevalence of sequence polymorphisms at positions in reverse 
transcriptase region associated mainly with resistance to NNRTIs 

Moreover, in protease region several secondary mutations were detected, 
suggesting the higher genetic variability of this region. The clinical 
significance of the polymorphisms associated with reduced susceptibility 
to NNRTIs remains to be clarified. 

Mutations associated with genotypic resistance to antiretroviral therapy 
in treatment naive HIV-1 infected patients in Greece. 
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AB Amdoxovir ( ( - ) -beta-D-2 , 6-diaminopurine dioxolane (DAPD) ) is a nucleoside 
reverse transcriptase inhibitor (NRTI) with activity against HIV-1. DAPD 
is deaminated in vivo by adenosine deaminase to ( - ) -beta-D-dioxolane 
guanosine (DXG) , a highly active anti-HIV compound. The median 50% 
effective concentrations (EC50)+-SD (representing antiviral activity 
against a laboratory-derived HIV-1 isolate) for DAPD and DXG in peripheral 
blood mononuclear cells were 4.0+-2.2 mumol/L and 0.25+-0.17 mumol/L, 
respectively. The 50% cytotoxic dose (CC50) of both DAPD and DXG was >500 
mumol/L. Recombinant viruses and clinical isolates of HIV-1 from patients 
for whom NRTI therapy and/or nonnucleoside reverse transcriptase inhibitor 
(NNRTI) combination therapies failed remained susceptible to 
inhibition by DXG (less than fourfold change in EC50). Similar analysis 
showed that recombinant viruses harboring mutations known to confer 
resistance to NRTIs (zidovudine, lamivudine, and abacavir) and 
NNRTIs (efavirenz and nevirapine) as well as the multidrug 
resistance-associated mutation Q151M and double codon insertions 
(SS and SG) were also susceptible to inhibition by DXG. Resistance to DXG 
was observed only in recombinant isolates containing the 65R and 151M 
double mutations. Phenotypic analysis of a site-directed mutant 
containing only the 151M mutation demonstrated moderate resistance to DXG 
(<10-fold change in EC50). We also examined site-directed mutants 
containing only L74V or K65R, the characteristic resistance mutations for 
DXG. The L74V mutant remained susceptible to inhibition by DXG, and the 
K65R mutant demonstrated moderate resistance to DXG. 

TI Dioxolane guanosine, the active form of the prodrug diaminopurine 
dioxolane, is a potent inhibitor of drug-resistant HIV-1 
isolates from patients for whom standard nucleoside therapy fails. 
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AB The non-nucleoside reverse transcriptase inhibitors (NNRTIs) 

directly inhibit the HIV-1 reverse transcriptase (RT) by binding in a 
reversible and non-competitive manner to the enzyme. The currently 
available NNRTIs are nevirapine, delavirdine, and efavirenz; 
other compounds are under evaluation. NNRTIs are extensively 
metabolized in the liver through cytochrome P450, leading to 
pharmacokinetic interactions with compounds utilizing the same metabolic 
pathway, particularly Pis, whose plasma levels are altered in the presence 
of NNRTIs. NNRTIs are drugs with a low genetic 

barrier, i.e. a single mutation in RT genoma induces a high-level of 
phenotypic resistance, preventing the use of NNRTIs as 

monotherapy. In naive patients, several trials have shown the value of 
NNRTIs in combination with nucleosides and/or protease inhibitors. 



Small pilot studies have shown that NNRTIs may be useful as 
second-line therapy. However, due to the rapid emergence of 
resistant virus to these compounds in case of incomplete viral 
suppression, NNRTIs should not be added to current failing 
antiretroviral regimen. The most common side-effect reported with 
nevirapine and delavirdine is rash. The incidence of rash is rather 
similar under these two compounds, but severe rash is less frequent with 
delavirdine. The most common adverse reactions reported with efavirenz 
are central nervous system complaints such as dizziness. Rash is reported 
less frequently than with nevirapine or delavirdine, and is usually mild. 
NNRTIs resistance mutations are located in the aminoacid residues 
aligning the NNRTI-binding "pocket" site. High-level resistance 
is often associated with a single point mutation which develops within 
this site (especially codon groups 100 - 108 and 181 - 190). 
Patients failing on one NNRTI are very likely to possess 
multiple NNRTI resistance mutations. NNRTIs should 

always be used as part of a potent antiretroviral therapy to insure 
suppression of viral replication, thus circumventing the rapid selection 
of cross-resistant variants. 
TI Non-nucleosidic reverse transcriptase inhibitors. 
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AB Resistance-mutation patterns in the reverse transcriptase (RT) and 
protease genes of HIV-1 were analyzed in 22 patients who had been 
extensively pretreated and who failed to respond to highly active 
antiretroviral therapy (HAART) . The number of mutations ranged from 8 to 
19 (median, 13): 4 to 12 (median, 6) mutations in the RT gene, and 4 to 8 
(median, 7) mutations in the protease gene. In the RT gene, the most 
frequent resistance mutations were found at codons 215 (100%), 
41 (95%), 67 (91%), and 210 (77%). Multidrug-resistant mutation 
patterns including Q151M and insertion mutations at codon 69, 
which confer cross-resistance to the different nucleoside analogue RT 
inhibitors were detected in 1 and 3 patients, respectively; 1 patient with 
insertion mutation displayed a NGQCV sequence at codons 67 to 
70. In the protease gene, the most frequent mutations were found at 
codons 63 (95%), 10 (86%), 90(86%), 71(77%), 46 (50%), 36 (45%), 
and 84 (45%). Genotypic resistance to zidovudine, saquinavir, and 
indinavir was found in 100% of the patients. All patients showed also 
resistance or possible resistance to stavudine, abacavir, ritonavir, and 
nelfinavir. Mutations conferring genotypic resistance to nonnucleoside 
analogue RT inhibitors (NNRTIs) were found in 12 (80%) of the 
NNRTI-experienced patients and 1 of 7 NNRTI-naive 



patients. Our results indicate that failure of HAART in the patients 
extensively pretreated results from the multiplicity of RT and protease 
mutations that confer genotypic resistance to almost all available 
antiretroviral drugs. In these patients, genotypic resistance tests 
confirm the lack of alternative salvage therapy strategies based on the 
currently available antiretroviral drugs. 
TI Patterns of resistance mutations to antiretroviral drugs in extensively 
treated HI V-l-inf ected patients with failure of highly active 
antiretroviral therapy. 
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AB The prevalence and the genotypic and phenotypic characteristics of 
multinucleoside-resistant (MNR) human immunodeficiency virus 
type 1 (HIV-1) variants in Europe were investigated in a multicenter study 
that involved centers in nine European countries. Study samples (n = 363) 
collected between 1991 and 1997 from patients exposed to two or more 
nucleoside analogue reverse transcriptase inhibitors (NRTIs) and 274 
control samples from patients exposed to no or one NRTI were screened for 
two marker mutations of multinucleoside resistance (the Q151M mutation and 
a mutation with a 2-amino-acid insertion at codon 69, T69S-XX) . 
Q151M was identified in six of the study samples (1.6%), and T69S-XX was 
identified in two of the study samples (0.5%; both of them T69S-SS), but 
both patterns were absent among control samples. Non-NRTI (NNRTI 
) -related changes were observed in viral strains from two patients, which 
displayed the Q151M resistance pattern, although the patients were 
NNRTI naive. The patients whose isolates displayed 

multinucleoside resistance had received treatment with zidovudine and 
either didanosine, zalcitabine, or stavudine. Both resistance patterns 
conferred broad cross-resistance to NRTIs in vitro and a poor response to 
treatment in vivo. MNR HIV-1 is found only among multinucleoside- 
experienced patients. Its prevalence is low in Europe, but it should be 
closely monitored since it seriously limits treatment options. 
TI Prevalence and characteristics of multinucleoside-resistant 

human immunodeficiency virus type 1 among European patients receiving 
combinations of nucleoside analogues. 
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AB Objective: Prolonged treatment with antiretroviral drugs results in the 
selection of HIV-1 variants with mutations conferring resistance to 
nucleoside and non-nucleoside reverse transcriptase inhibitors (NRTI and 
NNRTI) or to protease inhibitors (PI). There is serious concern 
about transmission of resistant viruses to newly infected 
persons. This study monitored the prevalence of resistant 
viruses in individuals undergoing primary HIV infection. Design: 
Resistance testing was performed on 81 individuals infected between 1997 
and 1999 by injecting drug use (n = 21), sexual (n = 56), or unknown (n = 
4) transmission. Methods: Automated sequencing was used to genotype the 
reverse transcriptase (RT) and protease regions of virus isolated from 
patients' plasma. The phenotypic susceptibility of stimulated peripheral 
blood mononuclear cells to antiretroviral drugs was assayed. Line probe 
assays detected quasispecies variations in wild-type and mutated RT 
codons. Results: A high prevalence of PI and RT genotypic 
variants, associated with high-level resistance to antiretroviral drugs, 
was observed in individuals newly infected by injecting drug use (PI = 
24%, RT = 24%) or sexual transmission (PI = 12%, RT = 22%) . The PI 
mutations, L10I, V82A, and L90M, were found in 10.5, 3 and 4% of cases, 
respectively; whereas for RT, primary mutations at positions T215Y 
(zidovudine), M184V ( lamivudine ) , T69D/A ( zalcitabine ) , and K103N (multi- 
NNRTI) were present in 8, 5, 4, and 4% of subjects, respectively. 
Resistance to NRTI was demonstrated by phenotypic, genotypic, and line 
probe analyses. Transmission of multidrug (NRTI /NNRTI /PI ) 
resistance in eight subjects (9.9%) was confirmed by showing that source 
partners possessed viruses of similar genotype. Conclusions: The 
transmission of drug-resistant HIV is a serious problem that 
merits further attention by public health officials as well as virologists 
and clinicians. 

TI Prevalence of HIV-1 resistant to antiretroviral drugs in 81 

individuals newly infected by sexual contact or injecting drug use. 
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AB Mutations at amino acid residues 161 (Q161L) and 208 (H208Y) of the 

reverse transcriptase (RT) have been identified in HIV-1 variants which 
are resistant to phosphonof ormate (PFA) . In the present study, 
we report on the biochemical properties of recombinant RTs (rRTs) carrying 
either one or both of the above mutations. We also report on their 
susceptibility to PFA and to nucleoside (NRTI) and non-nucleoside ( 
NNRTI) RT inhibitors. Like the wild-type (wt) enzyme, mutant rRTs 
H208Y and Q161L/H208Y showed a preference for Mg2+ over Mn2+, whereas the 
Q161L rRT preferred Mn2+. The three mutant rRTs showed degrees of PFA 
resistance which differed according to the template-primer used, and 
steady-state kinetic studies revealed an inverse correlation between their 
degree of PFA resistance, affinity for deoxynucleoside triphosphates 
(dNTPs) and catalytic efficiency (kcat/Km ratio) . These results indicated 
that HIV-1 rRTs bearing mutations at codons 161 and/or 208 had 
altered dNTP binding sites which led to a PFA-resistant 

phenotype. However, unlike the corresponding mutant viruses, which are 
hypersensitive to 3 ' -azido-3 1 -deoxythymidine (AZT) , 1 l-cyclopropyl-5 , -1 1- 
dihydro-4-methyl-6H-dipyridol (3, 2-b:2 1 , 3 1 , -e) diazepin-6-one (Nevirapine) 
and (+) - (5S) -4, 5, 6, 7-tetrahydro-5-methyl-6- ( 3-methyl-2-butenyl ) - 
imidazo (4, 5, 1-jk) ( 1 , 4 ) benzodiazepin-2 ( 1H) -thione . (TIBO R82150), the 
mutant RTs Q161L and Q161L/H208Y were resistant to 

3 ' -azido-3 ' -deoxythymidine triphosphate (AZTTP) and as susceptible as the 
wt enzyme to Nevirapine and TIBO R82150. Overall, these results suggest 
that codons 161 and 208 of the HIV-1 RT gene are involved in 
substrate binding as well as in NRTI recognition, and provide more 
insights into the mechanism by which HIV-1 becomes resistant to 
PFA. 

TI Biochemical characterization of HIV-1 reverse transcriptases encoding 
mutations at amino acid residues 161 and 208 involved in resistance to 
phosphonof ormate . 
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AB The quinoxaline nonnucleoside RT inhibitor (NNRTI) 

( S ) -4-isopropoxycarbonyl-6-methoxy-3- (methylthiomethyl ) -3 , 4- 
dihydroquinoxaline-2 ( 1H) -thione (HBY 097) was used to select for drug- 
resistant HIV-1 variants in vitro. The viruses first developed 
mutations affecting the NNRTI-binding pocket, and five of six 
strains displayed the RT G190 fwdarw E substitution, which is 
characteristic for HIV-1 resistance against quinoxalines . In one variant, 
a new mutant (G190 fwdarw Q) most likely evolved from preexisting G190 
fwdarw E mutants. The negative charge introduced by the G190 fwdarw E 
substitution was maintained at that site of the pocket by simultaneous 
selection for V179-D together with G190 fwdarw Q. After continued 
exposure to the drug, mutations at positions so far known to be specific 
for resistance against nucleoside RT inhibitors (NRTIs) (L74 fwdarw V/I 
and V75 fwdarw L/I) were consistently detected in all cultures. The 
inhibitory activities of the cellular conversion product of 
2 ' , 3 ' -dideoxyinosine (ddl, didanosine) , 2 ' , 3 ' -dideoxyadenosine (ddA) and 
of 2 ' , 3 ' -didehydro-3 ' -deoxythymidine (d4T, stavudine) against these 
late-passage viruses were shown to be enhanced with the L74 fwdarw V/l RT 
mutant virus as compared with the wild-type (wt) HIV-l-MN isolate. Clonal 
analysis proved linkage of the codon 74 and codon 75 
mutations to the NNRTI -specific mutations in all RT gene 
fragments. The nonnucleoside- and nucleoside-resistance mutation sites 
are separated by approximately 35 ANG . We propose that the two sites 
"communicate" through the template-primer which is situated in the 
DNA-binding cleft between these two sites. Quinoxalines cause high 
selective pressure on HIV-1 replication in vitro; however, the implication 
of these findings for the treatment of HIV-1 infection has yet to be 
determined . 

TI Selective pressure of a quinoxaline nonnucleoside inhibitor of human 

immunodeficiency virus type 1 (HIV-1) reverse transcriptase (RT) on HIV-1 
replication results in the emergence of nucleoside RT-inhibitor-specif ic 
(RT Leu-74 fwdarw Val or He and Val-75 fwdarw Leu or He) HIV-1 mutants. 



